Objective: To investigate the relationship between body mass index (BMI) and the incidence and progression of radiological knee as well as of radiological hip osteoarthritis. Design: Cohort study. Setting: Population based. Participants: 3585 people aged >55 years were selected from the Rotterdam Study, on the basis of the availability of radiographs of baseline and follow-up. Main outcome measures: Incidence of knee or hip osteoarthritis was defined as minimally grade 2 at followup and grade 0 or 1 at baseline. The progression of osteoarthritis was defined as a decrease in joint space width.
O steoarthritis of the knee and hip is one of the main causes of disability among elderly people, and the prevalence of osteoarthritis will increase with the ageing of the Western society. 1 2 Osteoarthritis is a multifactorial disease involving firstly, systemic factors (eg, age, sex, hormones, genetics and nutritional factors), secondly, intrinsic joint vulnerabilities (eg, previous damage, bridging muscle weakness, malalignment and laxity) and finally, extrinsic factors acting on joints (eg, specific injurious activities and obesity) as described by Dieppe and Felson. 3 Obesity seems to be an important modifiable risk factor for the onset of osteoarthritis of the knee. Several casecontrol studies [4] [5] [6] [7] [8] [9] and population-based studies [10] [11] [12] consistently reported a relationship between overweight and the onset of radiographic osteoarthritis (ROA) of the knee. However, this relationship seems to be less clear for ROA of the hip, although a relationship between obesity and a total hip replacement was reported. 3 13-18 So far, some population-based studies have investigated the relationship between body mass index (BMI; weight (kg)/ height 2 (m 2 )) and progression of ROA of the knee (in small study populations; ,500 people), with inconsistent results. 4 19-24 A recent review of the available literature on the prognostic factors for progression of hip osteoarthritis 25 showed that obesity seems to have no relationship with the progression of hip osteoarthritis (small study populations and nearly all casecontrol designs).
The inconsistent results found for the knee and the inconsistencies between the hip and knee can be explained by different study designs, different definitions of progression or different study populations. There is a clear need to study the relationship between BMI and incidence and progression of both knee and hip osteoarthritis in a single population based study.
This study investigated the relationship between BMI and incidence and progression of radiological knee osteoarthritis as well as of radiological hip osteoarthritis, in a large populationbased cohort with a long-term follow-up period.
PARTICIPANTS AND METHODS
The study population consisted of participants of the Rotterdam Study, a prospective cohort of men and women aged >55 years. The objective of the Rotterdam Study is to investigate the incidence of, and risk factors for, chronic disabling diseases; the rationale and study design have been described previously. 26 Written informed consent was obtained from each participant. The medical ethics committee of the erasmus Medical Center, Rotterdam, The Netherlands, approved this study.
All 10 275 inhabitants of the district of Ommoord in Rotterdam, The Netherlands, were invited to participate. The response rate was 78%, resulting in 7983 participants in this study. Of these participants, 6450 visited a research centre for a baseline examination and 3585 of these revisited the centre after 6 years' follow-up.
To study the association between incident (knee and hip) osteoarthritis and BMI, we included only knees and hips with a Kellgren and Lawrence score at baseline of grade 0 or 1 for the analyses, resulting in 2570 knees (of 1372 participants) and 5481 hips (of 2852 participants).
To study the association between (knee and hip) progression of osteoarthritis and BMI, we included only knees and hips with a presence of radiographic osteoarthritic signs at baseline defined by a Kellgren and Lawrence score at baseline of grade 1, 2 or 3 for the analyses, resulting in 865 knees (of 532 participants) and 2535 hips (of 1676 participants).
The numbers of the knees included are smaller as only a random selection of radiographs of the knee at baseline and at follow-up were evaluated (1585 participants).
The baseline measurements were conducted between 1990 and 1993, and the follow-up measurements between 1996 and 1999, with a mean follow-up time of 6.6 years.
As our study population had to be mobile enough to visit the research centre at baseline and at follow-up, and survived the follow-up period, compared with the total population of the Rotterdam Study, it was younger, had a lower prevalence of lower limb disability and a lower prevalence of hip pain than reported earlier. 27 Radiographic assessment Weight-bearing anteroposterior radiographs of the hip and knee were obtained at 70 KV (focus 1.8, focus to film distance 120 cm, Fuji High Resolution G 35643 cm film). Radiographs of the pelvis were obtained with both feet in 10˚internal rotation and the x ray beam centred on the umbilicus, and radiographs of the knee with the patellae in central position. A trained reader (MR) evaluated the radiographs of the hip obtained at baseline and at follow-up, unaware of the clinical status of the patients. Two trained readers (EO and APB) independently evaluated the radiographs of the knee, also unaware of the clinical status of the patients. All radiographs of the hip and knee were grouped per patient and read by pairs in chronological order, the order being known to the reader (chronologically ordered reading procedure). 28 
Incident ROA
We defined incident ROA of the knee or hip as a baseline Kellgren and Lawrence index of grade 0 or 1, and grade >2 at follow-up measurement.
Progression of ROA
We used two definitions of progression of knee or hip ROAnamely (1) a joint space narrowing (JSN) of >1 mm and of >1.5 mm at follow-up and (2) an increase of minimally 1 grade of Kellgren and Lawrence. 27 JSN was defined as the joint space width (JSW) of baseline minus the JSW of follow-up. Owing to the absence of consensus on the cut-off point for JSN, we used different cutoff points-namely 1 and 1.5 mm decreases in the JSW between baseline and follow-up.
At baseline and follow-up, the minimal JSW of the hip joints was measured using a 0.5 mm graduated magnifying glass laid directly over the radiograph. 29 For the knee the medial and lateral compartments were measured, and for the hip the lateral, superior and axial compartments were measured, as described by Croft et al. 29 The inter-rater reliability of the hip was 0.68 for Kellgren and Lawrence (k statistics) and 0.85 (intraclass correlation coefficient) for the minimal JSW, as reported earlier. 27 The radiographs of the knee were scored for radiographic osteoarthritis by two independent observers. After each set of 150 radiographs, the scores of the two readers were evaluated. Whenever the Kellgren and Lawrence score differed, the two readers met to read the radiographs, and a consensus score was determined. 30 31 Clinical measures At baseline, trained interviewers conducted an extensive home interview dealing with demographic characteristics, medical history, risk factors for chronic diseases and drug use. At the research centre, a clinical examination was performed. Height and weight were measured with participants wearing indoor clothing without shoes, and BMI was calculated.
Statistical analysis
Associations between baseline BMI and incidence and progression of knee and hip ROA were assessed using logistic To assess the association between baseline BMI and incidence and progression of knee and hip ROA, we calculated ORs adjusted for age, sex and follow-up time.
A (two-sided) p value of 0.05 was considered significant in all analyses. We used SAS software V.8.2 and SPSS V.11.0. Table 1 presents the baseline characteristics of the study population used to assess the association between BMI and incident ROA ((grade 1 of Kellgren and Lawrence index) and the study population used to assess the association between BMI and progression of ROA (>grade 1 of Kellgren and Lawrence index) of the knee and hip. In the first study subpopulation, 5.5% and 3.9% developed incident ROA of the knee and hip after a mean follow-up time of 6.6 years. After the follow-up period, we found for progression (as defined by JSN of >1 and 1.5 mm, and by an increase of minimally 1 grade of Kellgren and Lawrence) of the knee a percentage of 21.8%, 8.1% and 11.4%, respectively, and of the hip 8.7%, 2.5% and 10.1%, respectively. Table 2 shows the associations between incident ROA and BMI. The data show that a high BMI (.27 kg/m 2 ) as measured at baseline was associated with incident knee ROA, but not with incident hip ROA. The presented ORs are adjusted for age, sex and follow-up time. We observed a clear trend that the higher the BMI, the stronger the association with incident knee ROA. Again, this trend was absent in hip ROA. Table 3 presents the associations between progression of knee ROA and BMI. We found that a high BMI (.27.5 kg/m 2 ) was significantly associated with progression of knee ROA defined by JSN >1.5 mm and by an increase of minimally 1 grade in the Kellgren and Lawrence index after the follow-up period.
RESULTS
However, this was not the case if JSN >1 mm was used as a definition for progression.
For the hip, we did not find a significant association between the progression of ROA and BMI (table 4) . For all three definitions, the risk estimates were not significant.
DISCUSSION
In this large population-based prospective cohort study with a long-term follow-up, we found that BMI is a strong independent determinant of incident knee ROA, but not of incident hip ROA. It seems that BMI is also a moderate determinant of progression of knee ROA but not of progression of hip ROA.
This study confirmed that obesity is an important risk factor for the onset of ROA of the knee. The results of this study indicate that overweight is not related to the onset of ROA of the hip. Two case-control studies investigated the relationship between BMI and an incident total hip replacement during the follow-up period and reported conflicting results. 17 18 So far, no studies have been published that investigated the relationship between BMI and incident ROA of the hip in a longitudinal study.
The strength of this study is that the relationship between BMI and incidence and progression of ROA has been investigated in a single study with a similar population and a similar design. Therefore, the reported association between BMI and progression of knee ROA was independent of the definition used for progression. We used two definitions of progression of ROA-namely a JSN and an increase in the Kellgren and Lawrence index. For both definitions, we found a moderate association between BMI and progression of knee ROA. So far, studies that have investigated this topic have reported inconsistent results. 4 19-24 We confirmed in this large study that BMI is not related to the progression of hip ROA, as suggested earlier by Lievense et al. 25 The fact that participants had to be mobile enough to visit the research centre at baseline and at follow-up, and survive the follow-up period (mean 6.6 years), led to the selection of a younger and healthier population. Compared with the total Rotterdam Study population, our study population was younger, had a lower prevalence of lower limb disability, and a lower prevalence of knee and hip pain. Therefore, in this Progression is defined by two definitions-namely a joint space narrowing of >1, and 1.5 mm at follow-up, and by an increase of minimally 1 grade in K&L index. Progression is defined by two definitions-namely a joint space narrowing of >1, and 1.5 mm at follow-up, and by an increase of minimally 1 grade in K&L index.
younger and (possibly) healthier population, the number of cases with incident and progression of osteoarthritis at follow-up may have been underestimated. This could have resulted in an underestimation of the reported associations. We argued whether the reported estimates could be flawed by limited contrast between those people with a BMI .27.5 kg/m 2 compared with those with a BMI (25 kg/m 2 . In our study population, only a few people had a BMI .30 kg/m 2 . Additionally, we assessed the association of a BMI .30 kg/m 2 with the incidence and progression of osteoarthritis, compared with those with a BMI (25 kg/m 2 . We found similar estimates for the hip and knee; however, for JSN, it just failed to reach significance (95% CI 0.8 to 9.9). Besides, it is plausible that if we had used a population with a higher BMI, the mean BMI of the highest group (.27.5 kg/m 2 ) would have been much higher. Consequently, the contrast between the reference group and this group would have been greater, with probably a higher risk estimate. We assume that the reported risk estimate in this study would have been even stronger in a population with a higher BMI.
A possible explanation for the difference between the knee and hip might be that the relationship between BMI and osteoarthritis is mediated by another local factor, such as changed mechanical loading of the joint by-for example, malalignment. Sharma et al 33 and Felson et al 34 reported that the relationship between obesity and osteoarthritis is modified by the presence of malalignment of the knee. In an earlier study, we did not find that a changed mechanical loading (acetabular dysplasia) of the hip distinctively modified the association between BMI and the onset of hip osteoarthritis. 35 These results suggest that changed mechanical loading of the joint is an effect-modifier for the relationship between BMI and osteoarthritis for the knee but not for the hip. This difference might be explained by the difference in anatomy; the knee joint is a hinge joint, whereas the hip is a ball-and-socket joint. Although malalignment is per definition not a problem in a ball-andsocket joint (eg, the hip joint), it might be a problem in a hinge joint (eg, the knee joint). If the forces on the joint are higher because of higher stresses (eg, obesity, heavy lifting), forces in a malaligned hinge joint might even double or triple as compared with a normal aligned joint, owing to the smaller area that the forces act on.
The relationship between BMI and osteoarthritis could also be modified by trauma of the joint, particularly the knee joint. Englund and Lohmander 36 reported that patients who had undergone total meniscectomy with obesity (BMI >30 kg/m 2 ) had a greater likelihood of knee ROA than those with a BMI ,25 kg/m 2 . Besides the biomechanical effects, there also seems to be a systemic metabolic effect of obesity that influences the onset or progression of osteoarthritis. Leptin, a small polypeptide that regulates food intake and energy expenditure at the hypothalamic level, may provide the metabolic link between obesity and osteoarthritis. Plasma levels of leptin strongly correlate with fat mass, and levels fall after weight loss. 37 Recent studies detected functional leptin receptors on human adult articular chondrocytes. 38 39 Leptin may also play a part in the development of osteoarthritis through changes in the bony matrix. 40 41 As obesity and osteoarthritis are both associated with genetic predispositions, these two dispositions may be linked. However, Manek et al 42 could not detect a shared genetic pathway between BMI and knee osteoarthritis.
However, this possible systemic effect of obesity does not explain why obesity is related to knee osteoarthritis and hardly at all to hip osteoarthritis.
The distinction between the incidence and progression of already existing osteoarthritis is arbitrary. This distinction depends on the point during the ongoing process of degenerative changes in the joint at which the cut-off point of the present osteoarthritis is defined. 43 If osteoarthritis is diagnosed earlier in the future, because of more sensitive diagnostic tools, cases formerly considered to be ''incident cases'' will then be considered as ''progressive cases''. In the case of the Kellgren and Lawrence index, incident ROA is usually defined as minimally grade 2 at follow-up and grade 0 or 1 at baseline. However, one can question whether the cut-off point of >grade 2 is valid and whether it is correct to classify people with grade 1 as ''normal''. Recently Hart and Spector 44 investigated whether the Kellgren and Lawrence grade 1 of the knee was a reliable indicator of knee osteoarthritis in a longitudinal population-based study. After 10 years of follow-up, .60% of the participants with grade 1 at baseline had developed grade>2, whereas 20% of those with a Kellgren and Lawrence grade 0 at baseline had developed a grade>2. For the hip, we found that after 6 years of follow-up, 7.6% of participants with a Kellgren and Lawrence hip grade 1 v 1.4% with grade 0 at baseline developed a grade >2. These results suggest that the cut-off point of >grade 2 for the hip seems to be valid, whereas a cut-off point of >grade 1 for the knee seems more appropriate. Overall, the distinction between incident ROA and progression of ROA seems arbitrary. Owing to the absence of consensus on how to define progression, we used two definitions in this study-namely JSN >1 and >1.5 mm, and also an increase of minimally 1 grade in the Kellgren and Lawrence index. We believe that a better insight into the consistency of reported results is possible with the use of several cut-off points.
In this study, we included those knees and hips with a presence of radiographic osteoarthritic signs at baseline defined by a Kellgren and Lawrence score at baseline of grade 1, 2 or 3 for the progression analyses. Additionally, we repeated these analyses for those knee and hips with a Kellgren and Lawrence score of grade 2 or 3 at baseline. All assessed ORs remain similar to those reported in tables 3 and 4; however, owing to lower numbers, the risk estimates failed to reach significance.
On the basis of the results of this study, we conclude that BMI is associated with the incidence and progression of knee ROA, and that these associations are independent of age and sex. Furthermore, it seems that BMI is not associated with the incidence and progression of hip ROA.
